This study explores if children with fragile X syndrome (FXS) show advances, declines, or plateaus in adaptive behavior over time and the relationship of nonverbal cognitive abilities and autistic behavior on these trajectories. Parents of 55 children with FXS completed the Vineland Adaptive Behavior Scales between 3 and 6 times from 2 to 10 years of age. Using raw scores, results indicate that about half of the sample showed advances in adaptive behavior, while the other half showed declines, indicating a regression in skills. Children who were more cognitively advanced and had less autistic behaviors had higher trajectories. Understanding the developmental course of adaptive behavior in FXS has implications for educational planning and intervention, especially for those children showing declines.
FXS is an X-linked disorder there is a higher incidence rate for males (Hagerman, 2007) , affecting approximately 1 in 4,000 males and approximately 1 in 6,000 females (CDC, 2011) .
Despite the wide range of within-syndrome variability, research into the developmental profile, or behavioral phenotype, associated with FXS has indicated a distinct pattern of relative strengths and weakness in different domains of development (i.e., language, cognition, etc.) for males and females with FXS (for a reivew see Dykens, Hodapp, & Finucane, 2000; Hagerman & Hagerman, 2002; Hagerman, 1999; Kau, Meyer, & Kaufmann, 2002; Keysor & Mazzocco, 2002) . Other key phenotypic features of males and females with FXS are psychopathologies (especially social anxiety; Baumgardner, Reiss, Freund, & Abrams, 1995; Einfeld, Tonge, & Florio, 1994; Feinstein & Reiss, 1998; Freund et al., 1993; Mazzocco, Pennington, & Hagerman, 1994; Turk, 1992) and problem behaviors (i.e., restricted and repetitive behaviors, aggression, self-injurious behavior, etc.; Bailey, Raspa, Olmsted, & Holiday 2008; Bailey et al., 2012; Einfeld et al., 1994; Gabis et al., 2011; Hatton et al., 2006; Mazzocco, Kates, Baumgardner, Freund, & Reiss, 1997; Smith et al., 2012) . Approximately 30% of individuals with FXS also have co-occurring autism (Demark, Feldman, & Holden, 2003; Kaufmann et al., 2004; Philofsky, Hepburn, Hayes, Hagerman, & Rogers, 2004) . The combination of mild to severe intellectual disability, co-occurrence of autism, and increased rates of psychopathology and problem behaviors may lead to difficulties in adaptive behavior.
Why is Adaptive Behavior Important?
Adaptive behavior refers to the skills needed to function in everyday life within the domains of social interaction, communication, daily living, and motor skills (Ditterline & Oakland, 2009; Sparrow, Balla, & Cicchetti, 1984; Sparrow, Cicchetti, & Balla, 2005) . Adaptive behavior influences an individual's ability to participate in everyday activities including self-care and domestic skills, interacting with others in the community, and mobility (Daunhauer, 2011; WHO; . Adaptive behaviors are assessed in a developmental sequence, such that as a child grows older, these important skills change to meet the increasing environmental demands associated with independence. Identifying patterns and profiles of adaptive behavior has important implications for understanding the nature of a specific disorder and the development and application of effective treatments. the domain of socialization (Dykens et al., 1993; Fisch et al., 2007; Freund et al., 1993; Hatton et al., 2003) . However, one recent study reported relative strengths in the domain of socialization (Klaiman et al., 2014) . Mixed results were reported for adaptive communication (Burack et al., 1999; Dykens et al., 1996; Fisch et al., 1999b; Fisch et al., 2007; Hatton et al., 2003) .
Research on the developmental trajectories of adaptive behavior, overall and within the different domains of functioning (i.e., communication, socialization, daily living, and motor skills), has identified three possible trajectories in individuals with FXS: (1) declines over time (Fisch et al., 1999a; Fisch et al., 2012; Fisch, Simensen, & Schroer, 2002; Freund, Peebles, Aylward, & Reiss, 1995; Klaiman et al., 2014) , (2) positive trajectories until the age of 10 in males with FXS and then decline or stabilization after age 10 ( Dykens et al., 1996 ( Dykens et al., , 1993 Fisch et al., 1999b) , or (3) a steady increase from early childhood through age 12 (Hatton et al., 2003) .
Differential findings for these three trajectories may be influenced by the ages of the individuals in the samples, their gender, types of scores used (i.e., standard scores or ageequivalent scores), and number of time-points included in the respective studies using the Vineland Adaptive Behavior Scales (Sparrow et al., 1984; 2005) . For example, Fisch and colleagues (2002; , reported declines in adaptive behavior based on a pair of two-timepoint analyses of males with FXS between the ages of 2 and 24 years. The first was completed with 18 males with FXS (Fisch et al., 2002) and the second included 28 males with FXS (Fisch et al., 2012) . On the other hand, Hatton and colleagues (2003) used a longitudinal analysis with an average of 4.4 assessment points of 60 males and 10 females with FXS from 12 months through age 12 years. They reported increases in adaptive behavior overall, and across domains for males and females, with females showing higher trajectories (Hatton et al., 2003) . Klaiman and colleagues (2014) also observed higher adaptive behavior trajectories for females (n= 89) than for males (n = 186) between 2 and 18 years, but both groups showed declines over time.
Previous studies examining the trajectory of adaptive behavior in FXS have used either standard scores that represents how discrepant performance is from the average performance in the normative sample, or age-equivalent scores which represent the average chronological age of the given raw score. Both types of scores are problematic when modeling growth over time for individuals with intellectual and developmental disabilities (IDD; Maloney & Larrivee, 2007; Mervis & Klien-Tasman, 2004; Kover, McDuffie, Hagerman, & Abbeduto, 2013) . It is better to use raw scores instead of standard scores because individuals with IDD are not increasing in skills at the same rate as typically developing peers (Mervis & KlienTasman, 2004; Kover et al., 2013) . Raw scores will show changes in actual skills while standard scores will show changes relative to typically developing peers and are likely to decline despite an increase in skills in individuals with IDD (Mervis & Klien-Tasman, 2004; Kover et al., 2013) . Age-equivalent scores also compare performance to typically developing peers and have additional methodological issues, including having an ordinal scale of measurement, which limits the types of appropriate analysis methods available for use (Maloney & Larrivee, 2007) . Therefore, using raw scores allows for the examination of whether there is a true decline in adaptive behavior in FXS because these scores are not influenced by the child's chronological age and are measured in an interval level of measurement necessary for most statistical tests. To our knowledge, none of published studies on adaptive behavior, or its trajectory, in individuals with FXS has reported the data in raw scores.
Contributors to adaptive behavior in FXS
Although they are generally viewed as independent constructs, adaptive behavior is positively related to cognitive status (e.g., IQ or DQ) in both typical and atypically developing children (Ditterline & Oakland, 2009 , Dykens et al., 1996 , 1993 Freund et al., 1993; Hatton et al., 2003; Rogers, Wehner, & Hagerman, 2001) . It is likely that similar relationships will be observed in children with FXS, despite past research suggesting that adaptive behavior scores may surpass nonverbal cognitive abilities in individuals with FXS, later in development (Hatton et al., 2003) . Several studies have found that individuals with FXS begin to show a decline in IQ during adolescence (Bailey, Hatton, & Skinner, 1998; Hagerman et al., 1989; Hodapp et al., 1990; Lachiewicz, Gullion, Spiridigliozzi, & Aylsworth, 1987) . This trend may also be mirrored in adaptive behavior (Fisch et al., 2012 (Fisch et al., , 2002 Fisch, Carpenter, Holden, Howard-Peebles, et al., 1999; Freund et al., 1995) , such that children with FXS with lower levels of cognitive ability will have lower levels of adaptive behavior, and vice versa.
In addition to cognitive abilities, the presence of autistic behavior appears to influence adaptive behavior scores in FXS, such that individuals with lower levels of autistic behavior have higher adaptive behavior scores (Hatton et al., 2003) . This pattern is not surprising considering that the presence of autistic behavior in individuals with FXS tends to be related to more problem behaviors (Hatton et al., 2002) and poorer developmental outcomes Bailey, Hatton, Mesibov, Ament, & Skinner, 2000; Bailey, Hatton, Skinner, Mesibov, 2001) . It is possible that elevated levels of autistic behavior may be related to a plateau or decline of adaptive behavior in FXS.
Present study
The purpose of the present study is to investigate the trajectory of adaptive behavior in children with FXS between ages of 2 and 10 years using a longitudinal, growth curve analysis of adaptive behavior raw scores. This study is aimed at determining if the trajectory of adaptive behavior in children with FXS shows true advances or declines overall, or in the particular domains of functioning, from early to middle childhood. Additionally, the present study explores the influence of cognitive development and autistic behavior on these trajectories. 
Research Questions

Method Participants
Participants were 55 children with a confirmed genetic test of full mutation FXS (44 males, 11 females). The age of the children ranged between 24 and 55 months at the first observation and between 67 and 121 months at the last observation (see Table 2 for developmental and demographic information). Over the course of the longitudinal study, children participated in 3 to 5 observations (M = 4.87, SD = .47) depending on the age of first observation and continued availability throughout the study. Participants were predominantly Caucasian (87.3%). Three mothers had full mutation FXS and the rest were pre-mutation carriers. (Sparrow et al., 1984; 2005) . The VABS examines four domains of adaptive behavior: communication, socialization, daily living skills, and motor skills. These four domains together create the Adaptive Behavior Composite, which is a summative score of overall adaptive behavior. The Motor Skills domain is usually only administered to children under the age of 6. However, in the present study this domain was administered at each time point. The survey form contains 297 items and takes between 20 and 60 minutes to complete. A 3-point Likert scale (never, sometimes/partially, or usually) is used to score the items. However, items may also be scored as "parent does not know if the child can perform the activity" or as "the child has not had the opportunity to perform the activity". For the overall Adaptive Behavior Composite, inter-rater reliability coefficients are in the moderately strong range and the test-retest reliability coefficients are in the good to excellent range. For the domains of the VABS, inter-rater reliability coefficients and the test-rest reliability coefficients are in the good to excellent range. For both the Adaptive Behavior Composite and the domains, the split-half reliability coefficients range from .70s to .90s. The VABS has established construct, criterion, and content validity and has satisfactory levels of internal consistency (Sparrow et al., 1984) .
Measures
The Mullen Scales of Early Learning (Mullen, 1995)-The Mullen Scales of Early
Learning (MSEL) is a standardized observational assessment for children from ages 3 to 68 months. The MSEL examines five domains of development (i.e., gross motor, fine motor, visual reception, expressive language, and receptive language) that are combined to create an overall standard score representing an estimate of overall developmental functioning. The MSEL has established content, construct, and predictive validity and strong concurrent validity with other well-known developmental assessments for young children (e.g., Bayley Scales of Infant Development [Bayley, 1993] , Peabody Developmental Motor Scales [Folio & Fewell, 1983 ], Birth to Three Developmental Scale [Dodson & Bangs, 1979] Nonverbal cognitive abilities, as opposed to overall cognitive abilities, were used in this study to help control for the influence of language abilities on the Mullen Early Learning Composite. Nonverbal scores consist of combined scores from the visual reception and fine motor skills domains. Raw scores were used for the covariate because there was little variability in standard scores and many of the children had the minimum standard score (i.e., floor effects). The MSEL nonverbal raw score, obtained at the first observation, was used as a covariate because it is early in the trajectory and a time point when all 55 participants were observed. At the first observation, children had a mean MSEL nonverbal raw score of 44.31 (SD = 8.95).
The Childhood Autism Rating Scale (Schopler, Reichler, & Renner, 1988)-The
Childhood Autism Rating Scale (CARS) is a 15-item general rating scale of observed autistic behavior. Each item is scored on a 4-point Likert scale, where 1 is within normal limits for age and 4 is severely abnormal for age or developmental level. An overall score of autistic behavior is calculated based on these ratings. Total CARS scores of 30 to 37 indicate the presence of mild to moderate autism behavior symptoms and scores above 37 indicate more severe symptoms (Schopler et al., 1988) . We used CARS scores from the child's first observation as a predictor variable to describe each child's level of autistic behavior. The mean CARS score at the first observation was 26.07 (SD = 5.78). This score is elevated compared to typically developing children of a similar age (Mayes et al., 2009 ), but similar to other reports of children with FXS (Bailey, Hatton, et al., 2001; Bailey, Mesibov et al., 2001; Hatton et al., 2006) .
Procedure
Participants were recruited as part of an ongoing longitudinal study on family adaptation in FXS (see Brady et al., 2014; Warren et al., 2010 for details). Participants were recruited from 24 states across the United States from a national FXS research registry, parent list serves, family support groups, and advertisements at a national convention. Over an 8-year period, trained graduate research assistants visited families at their homes for data collection. During these visits, the MSEL was administered to the child and the VABS was administered to the child's mother. The CARS was scored following the visits based on the research assistants' experiences interacting with the child during the home visit.
Measurement schedule-The first three home visits were approximately 16 to 18 months apart. The fourth home visits occurred between 30 and 31 months after the third home visit, due to a change in project funding. The time between the fourth and fifth home visit was approximately 16 to 18 months. In addition, one child missed a second home visit, two children missed a fourth home visit, and 3 children missed a fifth home visit. All of the available VABS data collected between the ages of 2 and 10 years were used in the growth curve analysis described below, which allows for the modeling of trajectories with different numbers of observations and different assessment intervals (Signer & Willet, 2003) . Therefore, no form of data imputation was used to account for missing data in this study.
Results
Modeling Approach
Figures 1 through 5 illustrate the trajectories in the observed data for each child over time on the VABS Adaptive Behavior Composite, communication, daily living, socialization, and motor skills domain scores. Solid lines denote females and dotted lines denote males. Low scores characterize most variables with limited variance at younger observation points followed by growth that is primarily linear with some decreasing of slope as the participant's age. Variability in scores increased over time with some participants actually experiencing a decline in scores at the end of the observation period.
Because of these observed trajectories, fixed effects for linear, quadratic, and cubic growth terms were evaluated initially in all growth models using SAS PROC MIXED. Age was centered at 30 months, a point early in the trajectory around which most participants were observed. Random intercepts, linear growth terms, and covariance between random intercepts and slopes were also included in the models. Model comparisons were made using two types of indices: the deviance statistic (change in the -2 log likelihood) and the Bayesian Information Criterion (BIC). Deviance statistics are distributed asymptotically as a Chi Square with degrees of freedom equal to the difference in the number of parameters estimated by the two models. Smaller BIC values indicate better fit. Once the best fitting growth models were established for each outcome, we added additional child predictors described below to the models.
Trajectory of adaptive behavior scores
The best fitting growth model for the VABS Adaptive Behavior Composite included significant fixed effects for linear and quadratic growth with an intercept at 30 months of 116, which was significantly different from zero. Scores increased at an average rate of 3.35 points per month of age and the rate of increase slowed over time as indicated by the significant negative quadratic estimate of -.02. There were significant random effects for intercepts, slopes, and the covariance between them indicating that individual trajectories were significantly different from the overall fixed trajectory for the group. A complete description of the parameter estimates can be found in Table 3 .
For the communication and daily living domains, the best fitting model included significant fixed effects for both linear and quadratic growth. For the communication domain the intercept was 29 (which corresponds to standard score of 68 for a child at 30 months of age) with a positive slope of .87. For the daily living domain the intercept was 22 (which corresponds to a standard score of 64) with a slope of 1.05. The quadratic terms for both scales were small and negative (-.005 and -.004), indicating a slight slowing of the rate of growth over time. Once again all of the random effects were significant.
For the socialization and motor skills domains, the best fitting growth model included significant fixed effects for linear, quadratic, and cubic growth. For socialization, the intercept was 36 (which corresponds to a standard score of 74) with an average increase in scores of .42 per month. The positive quadratic term indicated that growth increased slightly as children aged. The significant negative cubic term indicated that, for some participants, there was a decline in socialization raw scores at the end of the observational period (see below for examination of participants that showed declines). The parameter estimate was significant, but very small. For motor skills, the intercept was 29 (which corresponds to a standard score of 64 for a child at 30 months) with a slope of .98 indicating that scores increased as children aged. The quadratic term was negative, indicating a general slowing of growth as the children aged, but the cubic term was positive indicating an uptick in scores for some children with FXS at the oldest observations.
Because the number of females in the sample was too small to statistically evaluate gender differences in growth, we performed the same models described above for males only, in order to determine if the results held after removing the female sample. The shapes of the trajectories were quite similar regardless of the sample used (i.e., total sample vs. males-only sample) with similar intercepts, slopes, and quadratic terms as can be observed in Figures 1 through 5. Generally, the intercept was slightly lower for each of the four subscales in the males-only model. Examination of the spaghetti plots (Figures 1-5) shows that the trajectories for females are similar to males with a few females' scores consistently at the lower end of the distribution -showing limited growth -and other females' scores at the upper ends of the distribution. There are a few females who consistently score higher than all of the males. This pattern is most clearly demonstrated in the socialization and communication domains.
Role of cognitive development and autistic behavior in adaptive behavior trajectories
The MSEL nonverbal scores significantly influenced intercepts in all models except for the daily living model, but only influenced slopes in daily living and motor skills, while the CARS significantly influenced intercepts for the Adaptive Behavior Composite and daily living models and slopes for all of the models except for socialization. MSEL nonverbal scores were positively related to outcomes with more cognitively advanced children scoring higher at 30 months and also increasing their rate of growth more quickly for daily living and motor skills. CARS scores were negatively related to outcomes with higher CARS scores indicating lower intercepts and smaller slopes (i.e., slower growth in skills) when significant.
The importance of a predictor in a multilevel model can be quantified by examining the variance explained, much like examining an R 2 in a multiple regression model. Using this approach, the variance explained by the addition of MSEL nonverbal and CARS scores reduced intercepts by 66% in the Adaptive Behavior Composite, 55% in communication, 62% in daily living, 91% in socialization, and 64% in motor skills. The addition of these predictors to the Socialization model resulted in a variance estimate for the intercepts that was no longer significantly different from 0. In other words, the predictors in the model accounted for most of the variance in socialization scores at 30 months. Including nonverbal cognitive abilities and autistic behavior in the models further reduced the variance in slopesvariance in adaptive behavior composite slope was reduced 28%, communication slope was reduced 17%, daily living slope was reduced by 44%, socialization slope was reduced by 25%, and the variance in motor skills slope was reduced by 20%. A complete description of the parameter estimates can be found in Table 3 .
Examination of children that showed declines in adaptive behavior
While the growth models characterized the overall trajectories of adaptive behavior for participants well, a subgroup of 30 participants (56% of the sample) showed declines in adaptive behavior raw scores starting around age 7 after initially demonstrating increasing skills. We defined a decline as a reduction of 5 points in the raw score or more on any of the four subscales (motor skills, communication, daily living skills, and socialization) over two or more time points. This represented a change, for example, from a score of a 2 "always does" to a score of 1 "sometimes/partially does" on a least 5 items on a domain of adaptive behavior; or a change from a 2 "always does" to a 0 "never does" on at least 3 items. Using this criterion, 24 participants (44%) did not decline by 5 points on any domain of adaptive behavior while 30 (56%) declined on at least one domain.
Further, we examined the slopes of these 30 individuals at the end of the study (centering age 110 months) to help us determine if their slopes were truly negative-as opposed to plateauing-when considered separately from the total sample. We found negative slopes for the socialization domain and for the Adaptive Behavior Composite raw score, indicating that these children were showing real declines.
A descriptive analysis was used to more fully characterize children who showed true declines in adaptive behavior in middle childhood. There were no significant differences between children who showed declines and children who never showed a decline on initial CARS scores and MSEL nonverbal cognitive scores (p values ranged from .72 to .96) collected in early childhood. Differential trends emerged when we examined gender for children who showed declines. Sixty-one percent of the males (26 of 43) showed declines, while only 36% of the females showed declines (4 of 11). Fisher's exact test did not indicate that males were significantly more likely to show declines (p = .14), but the observed trends may be worth examining in a larger sample. Six male children (11% of the total sample) averaged a 5-point decline across all 4 domains. That is, they declined by 20 points or more on the Adaptive Behavior Composite. Three males declined on 3 domains, 8 children (7 males and 1 female) declined on 2 domains, and 19 children (16 male and 3 female) declined on only 1 domain.
Socialization was the domain where children most frequently showed a decline with 18 children (33% of the total sample, 15 males and 3 females) declining on this scale. Of these 18, 9 children (16%, 7 males and 2 females) showed declines only on the socialization domain and not on any other domain of the VABS. Eighteen percent of the total sample (9 males and 1 female) showed a decline in daily living, 15% (8 males) declined in communication, and 15% (7 males and 1 female) showed a decline in motor skills.
Summary of Results
Growth models indicated significant linear and quadratic growth from overall adaptive behavior, as measured by the Adaptive Behavior Composite, and within the different domains of adaptive behavior over time with a slowing in the rate of growth during the middle childhood years. Of particular note, our results indicate that 56% of our sample showed raw score declines in adaptive behavior raw scores by the end of the observation period. These declines were observed at a similar age period as previous studies reporting declines in adaptive behavior, but our approach of using raw scores allowed us to detect early advances in adaptive behavior prior to these declines. MSEL nonverbal cognitive abilities were positively related to outcomes with more cognitively advanced children scoring higher at 30 months on all subscales except for daily living and also increased their rate of growth more quickly for daily living and motor skills. CARS scores influenced 30-month intercepts for Adaptive Behavior Composite scores and daily living scores, and slopes for all outcomes of interest except socialization. CARS scores were negatively related to outcomes, such that higher CARS scores indicated lower intercepts and smaller slopes resulting in a slower growth in skills.
Discussion
The purpose of the present study was to examine the trajectory of adaptive behavior scores in children with FXS in order to determine if there were true raw score declines in skills, and to provide insight into variables associated with change in skills. Understanding whether or not individuals with FXS show declines in adaptive behavior during middle childhood is important for current, and future, education and treatment planning because these skills influence overall functioning and participation in everyday life.
Our findings suggest that middle childhood is a pivotal age period for adaptive behavior in FXS. While results for some children in our study (44%) were similar to past research findings that showed advances in adaptive behavior from toddlerhood through middle childhood (Dykens et al., 1993; Hatton et al., 2003) , a substantial number of children with FXS (56% of our sample) showed declines within the different domains of adaptive behavior at or before the age of 10. Considering that we used raw scores, a decline means that these children, according to parent reports, had regressed, losing some of these important skills. Past studies have indicated declines or plateaus in overall adaptive behavior (as measured by the Adaptive Behavior Composite) and in individual domain scores either during childhood or after the age of 10 (Dykens et al., 1996 (Dykens et al., , 1993 Fisch et al., 1999a; Fisch et al., 1999b; Fisch et al., 2012; Fisch et al. 2002; Freund, Peebles, Aylward, & Reiss, 1995; Klaiman et al., 2014) . However, all of these studies used either standard scores or ageequivalent scores, which make it difficult to detect if true declines are being observed or if children with FXS are simply acquiring adaptive behavior skills at a slower rate than the normative sample. For example, the use of standard scores by Klaiman and colleagues (2014) allowed for comparison between individuals with FXS and individuals with typical development, which highlighted the fact that adaptive behavior skills are acquired more slowly by individuals with FXS. Our approach-longitudinal examination of raw scoresallowedus to identify more nuanced changes, such as early advances in adaptive behavior prior to a loss of skills from early to middle childhood. Together, these studies indicate that a substantial proportion of children with FXS lose adaptive behavior skills both in relation to their peers and in absolute terms.
Observing declines, or a regression, in skills tends to lead to the assumption that these children are lower functioning than children that did not show declines. Interestingly, no statistically significant differences were observed between children who showed advances in adaptive behavior and those that showed declines on initial nonverbal cognitive abilities or autistic behavior. However, the inclusion of both nonverbal cognitive abilities and autistic behavior, in the models of adaptive behavior significantly reduced the variance in the amount and rate of growth overtime. It seems that, similar to past studies of adaptive behavior, children with FXS who were more cognitively advanced, and had less autistic behaviors, had higher adaptive behavior trajectories (Dykens et al., 1996 (Dykens et al., , 1993 Freund et al., 1993; Hatton et al., 2003; Rogers et al., 2001) . Future studies should continue to examine the influence of cognitive abilities and autistic behavior on the development of adaptive behavior in FXS, especially for those who are showing declines.
Although past studies of adaptive behavior in FXS have reported declines in the Adaptive Behavior Composite and the different domains of functioning, no study to date has explored if these declines observed in overall adaptive behavior were due to declines in all domains or a drastic decline in only one or two domains. In the current study, 11% of the sample (six males) showed declines across all domains of the VABS, indicating a general decline in adaptive behavior. The remaining children showed declines only in some, or one, of the domains of the VABS. It is possible that the declines in adaptive behavior observed in other studies are not indicative of overall impairment in this cluster of skills, but instead are driven by impairments in just one or two domains of adaptive functioning. Nonetheless, the fact that a true decline in adaptive behavior skills-overall and within different domains-was observed in the present study is an undeniable source of concern. For the present sample, an obvious question is whether these declines plateau or increase during adolescence.
The declines we observed appear commensurate with the behavioral phenotype associated with FXS. Many individuals with FXS show deficits in social interactions including social anxiety, social avoidance, shyness, and poor eye contact (Hagerman, 2002; Roberts et al., 2007) . In line with these phenotypic characteristics, we found that of children who showed any declines in adaptive behavior most often showed a decline in the socialization domain (i.e., 18 of the 30 children). These declines reflect potential impairments in important aspects of social interactions. For example, items on the socialization domain include has a group of friends, has a best friend, and ends conversations appropriately. Declines in skills such as these are likely to limit development of independence and influence interactions in the community and in future employment situations (Greenspan & Schoultz, 1981; Mueller, 1988) . We also observed declines in adaptive communication for 15% of our sample, which is also in line with the phenotypic weakness in expressive and receptive language that has been noted in FXS (Abbeduto & Hagerman, 1997; Roberts, Mirrett, Anderson, Burchinal, & Neebe, 2002; Roberts, Mirrett, & Burchinal, 2001) . Therefore, the declines we observed in both socialization and communication may have been influenced by the cumulative effect of limited early social interactions and/or poor receptive and expressive language skills. In other words, early phenotypic behaviors may cumulatively influence the development of adaptive social development in children with FXS, necessitating the identification and implementation of specific early interventions to promote social interactions and communication.
The domain of adaptive motor skills has received little research attention in FXS possibly because after the age of 6 this domain is not typically administered. Young children with FXS often experience delays in both gross and fine motor skills, although these delays are congruent with their overall developmental level . However, motor skills influence other aspects of adaptive behavior (e.g., getting dressed, play behaviors, etc.). Our data indicate that continued monitoring of the motor skills domain is warranted because 15% of our sample showed declines in this domain during middle childhood. It is possible that some children with FXS who show declines in adaptive motor skills may, in turn, have lower levels of functioning in overall adaptive behavior, and in individual domains, because they are not able to readily perform the complex motor movements needed to successfully perform them (i.e., do not have the fine motor skills to button a shirt or gross motor skills to play on the playground with a friend). Our data shows that 4 males showed declines only in adaptive motor skills, while the other 4 children (3 males, 1 female) showed declines in adaptive motor skills and at least one other domain. Thus, declines in motor skills may have been associated with declines in other domains.
As its name implies, the domain of daily living reflects the practical skills individuals need to take care of one's self and to live and interact independently in the community (Sparrow et al., 1984; 2005) . The previously described social, language, and motor characteristics associated with FXS, in combination with problem behaviors and the level of autistic behavior, may influence the development of daily living skills. Eighteen percent (9 males and 1 female) of children in our sample showed declines in this domain during middle childhood. This finding stands in contrast to previous cross-sectional and longitudinal studies of children, adolescents, and adults indicating that daily living is an area of relative strength for individuals with FXS (Burack et al., 1999; Dykens et al., 1996; 1993; Fisch et al., 1999b; Fisch et al., 2007; Hatton et al., 2003; Rogers et al., 2001) . Therefore, the daily living domain may not be spared from declines for all individuals with FXS.
Limitations and Strengths of the Current Study
The VABS is a standardized and well-accepted measure of adaptive behavior, but it is a parent report measure based on the parents' interpretation of child behavior. Obtaining information from multiple informants-who have comprehensive information about the child's adaptive functioning, such as teachers and clinicians-could contribute additional important information about adaptive behavior, especially declines, in other settings (e.g., school). The present study used a relatively small sample of convenience, with an even smaller sample of girls. Gender may also play a key role in understanding adaptive behavior in FXS. Because there were only 11 females in our sample, it was not possible to examine the trajectory of adaptive behavior in females with FXS. However, this limitation is offset to a degree by the longitudinal nature of the analysis.
One of the main strengths of this study is that we were able to obtain a sample of 55 families with FXS and maintain 53 of those families for an 8-year period, making the present study just one of two studies (i.e., Hatton et al., 2003) that have examined adaptive behavior at more than two-time points in children with FXS. Including more than two data points allows for more complex longitudinal analyses, such as those completed in our study. Also, our approach of using raw scores allowed us to examine the issue of whether or not children with FXS show true declines in adaptive behavior because these scores are not influenced by the child's chronological age, which is present when using standard scores. Finally, our descriptive examination of children that showed declines in adaptive behavior is unique and provides insight into the characteristics associated with declines in adaptive behavior in FXS.
Conclusion and Future Directions
About half of the children in our study showed steady gains in adaptive behavior from toddlerhood through middle childhood, while the other half showed true declines-a regression in skills-in one or more domains of adaptive behavior in middle childhood (up to age 10). This is too our knowledge the earliest these declines have been documented. Middle childhood is a time when children start to seek more independence from their parents. A regression in adaptive behaviors skills at this time will negatively influence these children's ability to function in everyday situations, and gain independence. These findings point to an important question for researchers and clinicians to investigate: can these declines in adaptive behavior be reversed or prevented?
In light of these findings, specific intervention strategies are needed to promote growth in adaptive behavior and, thereby, prevent declines in these areas prior to middle childhood. Our results point to areas in adaptive behavior that are at risk for a regression in skills, and that could be targeted for intervention. Using an additive risk model (Luthar, 1991; Sameroff, 1985) , may also help to clarify how gender, presence of autism, nonverbal cognitive abilities, and environmental factors shape adaptive functioning in FXS, and should be considered for developing targeted interventions. In addition, our findings suggest that progress resulting from both behavioral and pharmaceutical interventions should be interpreted relative to the possibility of declines. That is, relatively small increases in adaptive behavior may be more clinically significant, given our findings.
In conclusion, our research suggests the importance of assessing the adaptive functioning of children with FXS annually as early as the beginning of middle childhood and targeting areas of real decline of raw scores for remedial intervention as soon as declines are discovered. Otherwise, those children experiencing declines may well become more dependent, not less, as they move into the challenging period adolescence. Note.
a 14 of the participants had CARS scores that exceeded 30 at the first observation. All presented means are prior to grand mean centering.
b Autism diagnosis based on all available data from the CARS and parent report of diagnosis over the course of the study, which identified 17 children (15 males, 2 females).
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